For any associative ring A with 1 of prime characteristic ^0, 2, 3 , every element of A is the sum of three cubes in A .
For any ring A, let w}(A) denote the least integer s > 0 such that every sum of cubes in A is a sum of s cubes in A . If no such 5 exists, w3(A) = oo by definition.
For example, when A = Z, the integers, it is known [2] that 4 < w3(Z) < 5 .
In this paper, we study w}(A) for A = F[x], the polynomial ring in one variable x with coefficients in a field £ . It is easy to see When card(£) = 2,4, formulas on p. 63 of [3] show that w3(F[x]) < 5. These formulas together with the formulas Proof. By Corollary 2, we have only the cases char(£) = 7, 13 to deal with. Modulo 13, we have (-4x + 5x + 6x + x ) + (1 + 4x + x -5x -3x + 5x ) + (-l+5x-5x + 5x + 3x -5x ) =x. The polynomial equations d{. = 0 (7 < /' < 15) allow us to exclude all unknown coefficients but a3,cCj,cx,c2,c3.
The conditions d6 = 0, d^ = 0, d4 = 0, d3 = 0, d2 = 0 give a system of five polynomial equations for five unknowns a3,cQ,cx,c2,ci. Namely, this argument to the zeros /? of 67 -ab + b , we obtain that a0/(3aN) = (Y[c(ßj))3 is also a cube in £ . So 9 is a cube (in fact, a 12th power) in £ . In the case 2£ = £, this leads to a contradiction, because 9 = 8+1 is also the sum of two cubes. In the case 2£ = 0, assume first that £ contains an element e such that e = e + 1. Using the zeros of a + eb, we conclude that aJ'(aN(\ + e)) is a cube in £ . Using the zeros of 67 + ec, we conclude that a0( 1 + e)/aN is a cube in £ . So (1 + e) = e is a cube in £ . This leads to a contradiction, because e = 1 + 1/e is also the sum of two cubes.
Assume now that 2£ = 0 and £ does not contain any e as above. Then we consider a field extension £[e] with e as above. Using the zeros of 67 + sb, we conclude that aQ/(aN(l + e)) is a cube in £[e]. Using the zeros of a + ec, we conclude that aQ(\ + e)/aN is a cube in £[e]. So (1 + e) = e is a cube in £[e]. We write e = (u + ve) with u, v e £ . Then Then we replace x by x -u2/3 to make v2 = 0. Looking at terms of degree 5, we conclude that c, = 0. Looking at terms of degree 3, we conclude that ?70 = 0. Looking at terms of degree 1, we obtain a contradiction. (The "abc- 2 3 theorem" yields that V -C cannot be a nonzero constant for nonconstant polynomials V and C, if char(£) = 0. It is not difficult to show that the necessary and sufficient condition on a field £ for this conclusion to be true is that 6£ = £ .)
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Let now deg(6i) = 4 (and still 2£ = £). Since deg(u) = 4, it is clear that deg(w) = 1 and deg(c) = 3. Now we set y = \/u. After we divide both sides of (6) by u9 , it takes the form 3/4(tj/w4)2 + (c/u3)3 = -y6/4 + x/u .
Note that c/u is a polynomial of degree 3 in y with a constant term e ^ 0. From S7 = 3f2fx/2-3f2fx/2 = 0, we obtain that either /, = 0, or f2 = f2.
The latter case is impossible because then the coefficient S7 vanishes. So let /,=0.
Then the coefficients (S9, S^,S7,S6) become (0, 9^/4, 0, /23). So -e'3/4 = f2 , hence 2 is a cube in £. Since 2 is also the sum of two cubes, we are done.
The case 2£ = 0, deg(a) = 3 or 4 was done using the computer. When shows that w3(F(x)) < 3 and iu3(£) < 3 for any field £ with char(£) ^ 3; if char(£) = 3 , then w3(F(x)) = w3(F) = 1.
Remarks. All the solutions of (6) by a linear change of variable, switching a and b , and scaling. P. Erdös pointed out to the author that the last two formulas can be found in [1] .
All solutions of (6) with deg(67) = deg(¿7) = 5,deg(c) = 4,deg(d) = 0 or 1 were described above when char(£) = 13. They do not exist when card(£) = 5,7. When char(£) = 11 , all such solutions can be obtained from the equalities 
